Abstract. A hypergraph is a generalization of a graph where edges can connect any number of vertices. In this paper, we extend the study of locating-dominating sets to hypergraphs. Along with some basic results, sharp bounds for the locationdomination number of hypergraphs in general and exact values with specified conditions are investigated. Moreover, locating-dominating sets in some specific hypergraphs are found.
Introduction
Let G be a graph with vertex set V (G) and edge set E(G). The number of elements in V (G) and E(G) is called the order and the size of G, respectively. The distance between two vertices u and v in G, denoted by d (u, v) , is the length of a shortest u − v path in G. A set L = {x 1 , . . . , x k } of vertices of a graph G is called a locating set if for every two distinct vertices u and v of G, (d(u, x 1 ), . . . , d(u, x k )) = (d(v, x 1 ), . . . , d(v, x k )). The location number (also called the metric dimension [11] ) is the minimum cardinality of a locating set of G [19] .
A set S of vertices of a graph G is called a locating-dominating set if it is both the locating and dominating set. An elaborate and more general definition is the following: A set S of vertices of G is called a locating-dominating set for G if for every two distinct elements u, v ∈ V (G) − S, we have ∅ = N(u) ∩ S = N(v) ∩ S = ∅. The location-domination number, denoted by λ(G), is the minimum cardinality of a locating-dominating set of G [17] .
Locating-dominating sets in graphs were firstly studied by Slater [17] . The motivations of locating-dominating sets comes, for instance, from fault diagnosis in multiprocessor systems. Such a system can be modeled as a graph where vertices are processors and edges are links between processors. A considerable literature has been developed in this field (see [5, 7, 9, 10, 12, 14, 16, 18] ). The decision problem for locating-dominating sets for directed graphs has been shown to be an We denote the set of all the vertices, having degree d, incident with every hyperedge in E i , which may be empty. Coincident vertices have the same degree but two vertices having same degree may not be coincident as in the following example (illustrating the notion of the coincident set), the vertices v 6 and v 8 are not coincident although the degree of both the vertices is same.
= {E 1 , E 2 , E 3 } and the corresponding coincident sets are: , where m is the size of H.
Then by definition, v will be incident with each hyperedge
It concludes the required result. Lemma 2.5. For any locating-dominating set S of a hypergraph and for a non-empty coincident set S
For a locating-dominating set S of a hypergraphs H and for a coincident set S
A lower bound for the location-domination number of a hypergraph H is given in the following result: Theorem 2.6. Let S be a minimum locating-dominating set for a hypergraph H with m ≥ 2 hyperedges. Then
Proof. Since non-empty coincident sets in a hypergraph H form a partition of V (H), by Proposition 2.3. So, every two coincident sets are either disjoint or equal, which yields that
Further, Lemma 2.5 straightforwardly concludes that |S| ≥ |C|.
The following result describes that the lower bound established above is sharp.
Theorem 2.7. Let H be a hypergraph in which every hyperedge contains at least two vertices of degree one. If S is a minimum locating-dominating set for H, then
Proof. By hypothesis, C
and hence, together with Theorem 2.6, we have the required result.
We give two examples which show that the condition in Theorem 2.7 cannot be relaxed generally.
Example 2.8. Let H be a hypergraph with vertex set
= ∅ and the condition of Theorem 2.7 is not satisfied. Observe that
Example 2.9. Let H be a hypergraph with vertex set
A hypergraph H is said to be a complete hypergraph if for all {u,
A sharp upper bound for the location-domination number of a hypergraph H is given in the following lemma: Lemma 2.10. If S is a locating-dominating set for a hypergraph H with n vertices, then λ(H) ≤ |S| ≤ n − 1, and this bound is sharp.
Proof. It is easy to see that any n − 1 vertices of H form a locating-dominating set S for H, which implies λ(H) ≤ |S| ≤ n − 1.
For sharpness, consider a complete hypergraph H of order n. Since N[u] = N[v] for every two distinct vertices u and v of H, so it never be hold that a set S with |S| < n − 1 forms a locating-dominating set for H. For otherwise, there exist
Lemma 2.11. Let H be a clique of hypergraph H and S be a locating-dominating set for
Proof. Since all the vertices of H are mutually coincident, therefore they have the same closed neighborhoods. Hence, by Lemma 2.4, at least |V ( H)| − 1 elements from V ( H) contained in S.
A vertex packing in a hypergraph H is a subset P ⊆ V (H) such that no two elements of P belong to the same hyperedge of H. The packing number is the maximum cardinality of such a set P, and we denote it by π [15] . Proof. By the definition, for any two distinct u, v ∈ P, we have N(u) = N(v). So, V (H) − P is a locating-dominating set for H. Hence λ(H) ≤ n − π since π is the largest size of packing P. Further, the bound is sharp if H is a complete hypergraph.
Location-Domination in Some Specific Hypergraphs
Since in a uniform linear hypergraph, we have C
Proof. Observe that |C The following result for hyperpaths also shows that the lower bound established in Theorem 2.6 is sharp. has at least two elements, then
Proof. If C i .
′ is a common vertex. Then by above discussion, we note that both the vertices have their distinct open neighborhoods in C.
The other two cases when S We know that a 2-uniform linear hyperpath (hypercycle) is a simple path (cycle). The exact value for λ(H) of a simple path (cycle) is already determined by Slater.
Theorem 3.6.
[17] Let P n≥2 be a simple path and C n≥3 be a simple cycle. Then
Observe that, in the case of 3-uniform linear hyperpath H with two hyperedges, λ(H) = 2. We also observe that, the 3-uniform linear hyperpath with three and four hyperedges, respectively, has the location-domination number 3 and 4, respectively. In the next result, we determine the explicit value for the location-domination number for 3-uniform linear hyperpaths with more than four hyperedges. Proof. Let v i represents a vertex of degree one in the hyperedge E i and v i,i+1 ∈ E i ∩ E i+1 is common vertex of degree two. Since E 1 and E m contains two vertices of degree one, we denote them as v 1 , v
Our claim is that λ(P m,3 ) = 2a + b + 2. We prove it by showing that a set S ⊆ V (H) with |S| = 2a + b + 2 is a minimum locating-dominating set for P m,3 . We consider the following three cases:
This set S is a minimum locating-dominating set of order 2a + 2 because of the following unequal S-neighborhoods: In the next result, we determine the explicit value for the location-domination number for 3-uniform linear hypercycles having more than five hyperedges. Proof. In C m,3 , each v i ∈ E i represents a vertex of degree one and v i,i+1 ∈ E i ∩ E i+1 with v m,m+1 = v m,1 . We prove that λ(C m,3 ) = 2a+b by showing that a set S ⊆ V (H) with |S| = 2a + b is a minimum locating-dominating set for C m,3 . We discuss the following three cases for b:
One can see that S is a minimum locating-dominating set because of the following unequal S-neighborhoods: (1 ≤ i ≤ m) in a hyperstar with m hyperedges has at least two elements, then we have the following straightforward proposition: Proposition 3.10. Let H be a hyperstar with m ≥ 2 hyperedges and for all i,
where C is the center of the hyperstar.
In a k-uniform linear hyperstar, |C
Let N 1 , N 2 , . . . , N t be t disjoint finite sets with |N i | = n i . A complete t-partite r-uniform hypergraph is H = K r n 1 ,n 2 ,...,nt has the vertex set V (H) = t i N i and for
Lemma 3.12. For each t ∈ Z + and t ≥ 2, if S is a locating-dominating set for
Proof. Suppose that A = N t 1 , 1 ≤ t 1 ≤ t. and B = ..,nt if and only if there is at most one partite set of cardinality 1. Proof. Suppose that there are two partite sets N it 1 and N it 2 such that n it 1 = n it 2 = 1. Let u ∈ N it 1 and v ∈ N it 2 . Then, by the definition of K r n 1 ,n 2 ,...,nt , both the vertices have their same open neighborhoods in S, which implies that S is not a locatingdominating set, a contradiction.
(N i −S) and N it is the unique partite set such that n it = 1.
Then, by the definition of S, the set R has exactly t vertices of K r n 1 ,n 2 ,...,nt , that is, R has exactly one vertex from each N i . Since every two partite sets are disjoint, so every vertex in R has its different open neighborhood in S.
Remark 3.14. In K r n 1 ,n 2 ,...,nt , note that, if there are p partite sets of cardinality 1, then all the vertices in these partite sets except one will belong to every locatingdominating set for K r n 1 ,n 2 ,...,nt . Let H be a hypergraph and let k ∈ Z + . The k-section of H is H k = (V (H), E k ), where for a set X ⊆ V (H), X belongs to E k if any of the following conditions holds: (1) |X| ≤ k and X ∈ E(H), (2) |X| = k and there exists E j ∈ E(H) such that X ⊆ E j [3] . 
For any vertex
The natural partition in a hypergraph H is a partition P = {P 1 , P 2 , . . . , P t } of V (H) such that for every pair u, v ∈ V (H), u, v ∈ P i if and only if E(u) = E(v). The elements P i ∈ P are called the levels of 
Then the collection P = {P 1 , P 2 , P 3 , P 4 , P 5 } with P 1 = {v 1 , v 2 , v 3 }, P 2 = {v 4 }, P 3 = {v 5 }, P 4 = {v 6 }, and P 5 = {v 7 , v 8 , v 9 , v 10 } is called the natural partition of H. The elements P i ∈ P are called the levels of H. The level hypergraph of H is the graph with vertex set V (H L ) = {v 1 , v 4 , v 5 , v 6 , v 7 } and the edge set 
denoted by H * , is the hypergraph whose vertices are {e 1 , e 2 , . . . , e k } corresponding to the hyperedges of H and with hyperedges V i = {e j : v i ∈ E j in H}, where i = 1, 2, . . . , m. In other words, the dual H * swaps the vertices and hyperedges of H.
From the definition of the primal graph of a hypergraph H, note that, closed neighborhood of any vertex in H is same as in prim(H). Thus, from Lemma 2.4, we have the following straightforward result: Theorem 3.18. Let H be a hypergraph and prim(H) be the primal graph of H. Then λ(H) = λ(prim(H)) = λ(M(H)).
The primal graph of the dual H * of a hypergraph H is not a simple graph. In this case, the middle graph of H * is a simple graph. By using the same argument as above, we have the following result: Theorem 3.21. Let H be a hypergraph. Then λ(H) = 1 if and only if H ∼ = P 2 , where P 2 is a 2-uniform linear hyperpath with one hyperedge.
Proof. Suppose that H ∼ = P 2 . Then, by Theorem 3.20, λ(H) = 1. Conversely, suppose that λ(H) = 1 and S = {v} is a locating-dominating set for H. Then H ∼ = P 2 otherwise, there exist v 1 , v 2 ∈ V (H) − S such that N(v 1 ) ∩ S = N(v 2 ) ∩ S. 
